Introduction
extended asphaltic mixture [6] . This new product reduced mixing temperature to about 135°C 59 while compaction temperature is reduced to about 90°C. Many of the mentioned safety 60 problems seemed to be disappeared, if the asphalt concrete was constructed at a mixing 61 temperature of 135 ± 5°C. Moreover, the new sulfur pellets could be poured directly into the 62 asphalt-aggregates mixture during the mixing operation [6] . As a result, there was no concern 63 about difficulties of blending it with asphalt before adding the binder to the aggregates. Since 64 mixing operation should be done in the temperature range lower than conventional HMA, it 65 should be considered as a Warm Mix Asphalt. Mixing temperature of WMA is approximately 66 16-55°C lower than conventional HMA, therefore, using the new sulfur extended asphalt as
67
WMA can reduce required energy to produce and compact asphalt mixture [7] .
68
The bonding between asphalt and aggregates is considerably important as it affects the 69 integrity of asphaltic pavement. Such bonding forms at the beginning of the mixing process 
90
In recent studies performed on SEAs by Strickland et al. [13] and Timm et al. [14] , sulfur was 91 applied in the form of a solid pellet which could be melted at a temperature round 120°C and 92 added as asphalt extender with the ratio between 30% and 40%. These pellets were pretreated 93 to decrease toxic gas emissions like hydrogen sulfide and also to lower the temperature of 
In which: binders. This is very compatible with crumb rubber or polymer modified asphalt binder [20] .
175
Since Googas is a polymeric sulfur product, it could be a suitable additive to modify the 176 studied SEA. Using NZ does not affect binder grading or change any other binder properties.
177
Physical properties of zycotherm additive are shown in Table 3 . The optimum amount of NZ additive was determined 0.15% by weight of asphalt.
188
Viscoelastic characteristics of modified asphalt and ITS parameter of NZ-modified asphalt 189 mixtures were analyzed to achieve this optimum amount, according to the values in Table 4   190 and Fig. 5 , respectively.
191
The technique which was used to mix NZ in the asphalt binder includes three following steps. 2. The ASA-modified asphalt was mixed with the hot aggregates at 120°C. 4. The obtained blend was mixed completely at 120°C to make all pellets melted and 216 diffused all over the mixture.
217
Following types of asphaltic samples were constructed and tested:
218
• Conventional HMA mixtures (CHMA) -mixture made with the neat AC asphalt.
219
• ASA-modified WMA mixtures (AWMA) -mixture made with ASA-modified 220 asphalt.
221
• Sulfur-extended WMA mixture (SWMA) -mixture made with sulfur extended 222 asphalt binder.
• Testing apparatus was applied to determine the resilient modulus of different samples.
258
Dimensions of used cylindrical specimens were 101.6 mm and 65mm in diameter and 
Where RM = resilient modulus (MPa); t= sample height (mm); ν = Poisson ratio; P = 264 maximum dynamic load; and ΔH = recoverable horizontal deformation (mm). • Immersing in water (up to 55-80% saturation level).
276
• Freezing at -18°C for 16 h.
277
• Placing in a 60°C water bath for 24h. 
Where "N" = loading number to the failure point; ε t = measured strain; "a" and "b" = 305 coefficients effected by asphalt mixture properties. 
Loaded-Wheel tracking (LWT) test

308
The LWT test has been applied for asphaltic mixtures accelerated performance testing in deformation was determined to be 6 mm after 20,000 passes at 50°C. This value is required 317 to consider a sample resistant against rutting phenomenon.
Results and discussions 321
SEM analysis results
322
One of the most reliable methods to evaluate mixing operation-effectiveness is to take photos 
336
Increased viscosity normally raises the necessary temperature for mixing and compaction 337 operations, while Googas which is a polymeric sulfur product, reduces these temperatures 338 beside increment of viscosity that could be so favorable. This mechanism occurs due to the 
Asphalt binder test results
346
To obtain the optimum percentage of NZ as an antistripping agent additive and evaluate the 347 properties of the used binders, empirical and rheological tests were performed on the neat 348 asphalt, the NZ modified asphalt in different NZ percentages as well as sulfur and/or NZ 349 modified asphalts in optimum percentages. As shown in Table 4 , the more the NZ content,
350
the more penetration degree, and consequently, the less softening point observed. These changes were due to the lower viscosity of NZ-modified asphalt compared to the neat 352 asphalt. As shown in Table 4 , NZ-modified asphalt has better ductility than the neat one. Fig. 3 . As seen, the stiffness of studied mixes reduced by increasing the temperature. showed improved moisture susceptibility compared to CHMA and SWMA samples.
409
Comprehensively, these comparisons demonstrated that Googas lowers indirect tensile 410 strength (ITS) and tensile strength ratio (TSR), but ASA improves them significantly. The rutting resistance of the four evaluated samples is illustrated in Fig. 7 . As it was 449 mentioned previously, maximum permissible rut depth of 6 mm after 20,000 cycles at 50°C 450 is acceptable. As seen in Fig. 7 showed the weakest resistance against rutting at 20,000 cycles, followed by CHMA, as 456 shown in Fig. 7 . Both of these samples were not modified with sulfur, therefore had less 457 stiffness than SEA samples and consequentlywere weaker against rutting phenomenon.
458
As shown in Fig. 7 , specimens ASWMA and SWMA showed a rutting value at 20,000 cycles 459 that were less than 6.0 mm; therefore, SEA samples had sufficient rutting resistance, unlike 460 two other samples. 
Conclusion
465
This study evaluated the effectiveness of using a new generation of modified-sulfur and ASA
466
additives in the production of warm-mix asphalt. In this study, the moisture susceptibility and mixture performance and structural capacity of pavements using Shell Thiopave, Phase I:
